Objective: To observe the effects and mechanisms of nanocrystallized realgar for the treatment of skin cancer. Methods: The clinical part was observing the therapeutic effect for the skin ulceration by externally using the nanocrystallized realgar. The experimental part was culturing the human squamous cell carcinoma A431 cells (A431) in vitro environment, estimating the effects of proliferation and apoptosis of A431 by MTT method and flow cytometry, and observing the effects on the expression of Survivin, Caspase-3 by RT-PCR method. Results: External treatment with nanocrystallized realgar had a therapeutic effect for the skin ulceration; it can promote the ulcers of skin cancer and skin metastasis healing. The experiments confirmed that nanocrystallized realgar can inhibit the A431 proliferation, induce the cells apoptosis, promote the expression of Caspase-3 and reduce the expression of Survivin. And the experiments also found that the effects were in a concentration-dependent manner, and they have a synergistic effect with cis-Dichlorodiamineplatinum (DDP). Conclusions: External treatment with nanocrystallized realgar for the patients of skin cancer or skin metastasis achieved satisfactory therapeutic effects by inhibiting A431 proliferation and inducing these cells apoptosis. The mechanism might be associated with promoting the expression of Caspase-3 and reducing the expression of Survivin.
Introduction
Skin cancer mainly contains two types: the basal cell carcinoma and the squamous cell carcinoma. The squamous cell carcinoma has a higher disease incidence, which accounts for almost 78.5% to 90.9% of all the skin cancer [1] . Currently, surgery is still the most effective one in all the treatments. However, to these patients who are not suitable for surgical treatment or need to prevent the recurrence after surgery, the study of effective anti-tumor drug seems particularly important. Realgar is one of the commonly used mineral Chinese medicines, and its main component is arsenic which has positive effects in antitumor. Meanwhile it also has many disadvantages, such as potentially toxic, insoluble, etc. However, the nanocrystallized realgar has a better bioavailability and pharmacodynamics, and shows little side effects [2] . Through the clinical observation and the experiment, we want to see whether the nanocrystallized realgar has therapeutic effect for the skin ulceration and try to explore the related mechanisms.
Preparation of Nanocrystallized Realgar
The realgar which was purchased from Shanxi Kanghui Pharmaceutical Co. Ltd. (production batch number 091201), was nanocrystallized by the lapping machine LVM-80WE of Shandong Longmai Technology Company, and then was detected by the photons nanometer laser particle size analyzer (model Winner 801) of the Jinan Winner Particle Instruments, Inc. for the size of the crystal particle. The average particle size was 72.79 nm, which was in line with the requirements of nano-pharmaceutical.
Methods
The skin ulcer was cleaned and disinfected, and then was coverd by a sheet of nanocrystallized realgar (the ulcer should be whole covered; the dose of nanocrystallized realgar should be according to the size of the wound); and then the ulcer was covered by the oil-gauze; finally, it was fixed with sterile gauze. This treatment was done once a day.
Evaluation Criteria of Response
 Complete remission: skin lesions subsided, only leaving hyperpigmentation or hypopigmentation;  Remission: the original pathological changes were not found in the biopsy;  Partial remission: skin lesions reduced > 50%;  No reaction: lesions reduced < 50% or no significant changes [3] .
Patients' General Information
 Zhang, male, 69 years old, has an extrahepatic tumor on the right tempus, size within 2.5 × 1.3 cm, which postoperative pathological diagnosis is skin squamous cell carcinoma. The tumor recurred in 5 months after the operation with skin ulcer and exudates. The patient refused re-operation and wanted treatment of traditional Chinese medicine. Then the patient was giving treatment of external using the nanocrystallized realgar.  Jiang, female, 65 years old, breast cancer with a skin metastasis ulcer on the right breast, the size of ulcer was about 5 × 3 cm. The patient refused operation and chemotherapy, and chose the treatment of traditional Chinese medicine by internal using decoction and external using the nanocrystallized realgar. 
The Experiments

Preparation of Nanocrystallized Realgar Suspension
Using KCl saturated nitric acid solution dissolved the realgar nanoparticles, adjusting pH to 7.0 with NaOH, constanting volume with PBS to the concentration of 2 mg·mL
, filter-sterilized and stored at 4˚C. The nanopaticles of realgar in were shown in Figure 1. 
To Observe the Proliferation of A431 by MTT Method
The cell suspension was made with the logarithmic growth phase of A431, adjusted the cells' density; and then the cells were inoculated into a 96-holes culturing plate for the further culture. When the cells were complete adherent, them were divided into different groups as the grouping principles(each group has 5 duplicate holes) and added drug: control group (concentration of 10% fetal bovine serum), group of concentration of 5% nanocrystallized realgar (100 μg·mL ). After the last 4 hours, the supernatant of each duplicate hole were absorbed and discarded, then just added 200 μl DMSO in each hole and shocked to make the crystals fully dissolve. Finally, the absorbance of each duplicate hole was tested by microplate reader within the wavelength of 490 nm and estimated the inhibitory arte of cell growth.
To Estimate Cell Apoptosis by Flow Cytometry
The cell suspension was prepared as above, adjusted the ) and combination group (DDP + concentration of 10% nanocrystallized realgar), which were continued to culture for 24 hours. And then the suspension was digested by 0.25% trypsin and centrifuged, while the supernatant was discarded. The cells were centrifuged twice with PBS. The single cell suspension was made as 1 × into binding buffer and placed in streaming tube (each group contained six samples), added Annexin V-FITC and PI each 5 μL, fully mixed, and incubated in the dark at room temperature for 15 minutes; and then added 1 × binding buffer, fully mixed; at last, estimated the cell apoptosis by flow cytometry.
To Estimate the mRNA Expression of Survivin and Casepase-3 by RT-PCR Method
The cells were processed as above, extracted total RNA of each group and detected the purity and the content of RNA by using ND-1000. The following steps were progressed according to the RT-PCR kit instructions, and then capturing pictures after electrophoresis by the Alpha gel imaging system, analyzing each of the target band and the internal reference gray value and estimating the relative expression.
Statistical Methods
Apple SPSS 17.0 software for statistical and analyze data with one-way ANOVA. Test P < 0.05 is considered statistically significant.
Result
The Effect of External Treatment with Nanocrystallized Realgar
 Zhang, after external treatment with nanocrystallized realgar 2 weeks, the exudate of skin ulceration disappeared; 2 month later, and the wounds began to shrink. The ulceration healed after 6 months. The skin lesions of the patient after the treatment were shown in 
The Effect of Nanocrystallized Realgar on Cell Proliferation of A431 by MTT Method
The results were shown in Table 1 .
The Effect of Nanocrystallized Realgar on Cell Apoptosis of A431 by Flow Cytometry
The apoptosis rate is mainly reflected in the rate of early Copyright © 2013 SciRes. JCT 
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PS: compared with the control group △ P < 0.05; each combination group compared to monotherapy group with the same dose of nanocrystallized realgar ▲ P < 0.05; compared with the DDP group ★ P < 0.05.
stage. the early apoptosis rate of each concentration nanocrystallized realgar group, DDP group, as well as the combination group were significantly higher than control group (P < 0.05); and with the concentration of nanocrystallized realgar increasing, the early apoptosis rate significantly increased (P < 0.05); the combination group's early apoptosis rate is significantly higher than that of each concentration nanocrystallized realgar group and DDP group (P < 0.01). The results were shown in Table  2 .
The Effects of Nanocrystallized Realgar on the Expression of Survivin mRNA, Casepase-3 mRNA by RT-PCR Method
The numeric of relative gray of Survivin of all group were significantly lower than the control group (P < 0.05); the numeric of relative gray of Casepase-3 of all group were significantly higher than the control group (P < 0.05). The expression of Survivin and Casepase-3 were in association with the concentration of the nanocrystallized realgar. Among these groups, there was a significant difference between each other (P < 0.05). The numeric of relative gray of Survivin and Casepase-3 of the DDP group were significantly different with each concentration of nanocrystallized realgar group; the numeric of relative gray of Survivin and Casepase-3 of the combination group were remarkabliy different with each concentration of nanocrystallized realgar group and DDP group (P < 0.05). The results were shown in Table 3 . 
Discussions
Realgar is one of the most important mineral drugs in traditional Chinese medicine. It is firstly recorded in "Shen Nong's Herbal Classic" and has been used in China more than 2000 years. It contains arsenic and has multiple compositions. According to the records in the Chinese Pharmacopoeia, arsenic disulfide (As 2 S 2 ) is the effective component of the pharmacological effects, which is accounted for 90%. The functions of realgar are detoxication, insecticide, clearing damp, eliminating phlegm and treating malaria. It can be used in carbuncle, malignant boil, snake bites, parasitic diseases, abdominal pain, epilepsy, malaria [4] . Realgar works well in the clinical treatment of skin cancer and skin metastasis with ulceration; however, specific mechanism of realgar's function
is not yet clear. Tumor's development is not only related with proliferation and abnormal differentiation of tumor cells, but also closely related with blocked apoptosis of tumor cells. Therefore, inhibition of tumor cells proliferation and induction of tumor cells apoptosis may be the key to eliminating tumors [5] . Modern researches show that realgar can play anti-tumor effect through many ways such as inhibition of DNA synthesis, induction of tumor cells apoptosis and enhancing of cellular immune function. The nanocrystallized realgar has more significant advantages than common realgar in the inhibition of cell proliferation and induction of apoptosis [6] . Apoptosis is the orderly and autonomy death of cells by gene regulation. It involves a series of roles such as activation of gene, expression of gene and regulation of gene. Death receptor pathway and mitochondrial pathway are the main apoptosis pathways. Both of them can lead to activation of caspases-3; and the activation of endonuclease induces the chain breaking and final apoptosis [7, 8] . Caspase is the key enzyme that can execute apoptosis; meanwhile, it is also the central effecter of apoptosis. Survivin is an inhibitor of apoptosis protein. It has been the strongest inhibitor of apoptosis by far. Survivin can block apoptosis by inhibiting the activity of Caspase-3 and Caspase-7. The expressions of the two play a very important role in the occurrence, development and apoptosis of human skin squamous cell carcinoma [9, 10] .
This article used a combination of clinical observations and experimental studies to observe the effects of nanocrystallized realgar in external treatment for patients of skin cancer or skin metastasis with ulceration, and explored the effect and possible molecular mechanisms of it in inhibition of proliferation and induction of apoptosis of human skin squamous cell carcinoma A431 strain. The clinical observation found that external treatment of skin cancer and skin metastasis with the application of nanocrystallized realgar could promote the skin ulcer healing. The experimental study by MTT method showed that nanocrystallized realgar could significantly inhibit the proliferation of A431 cells, and it appeared in a concentration-dependent manner. The effects of each concentration of realgar groups on the inhibition of growth of A431 cells were not obvious compared with the DDP group and the combination groups. The experimental study by flow cytometer showed that each concentration of realgar groups, DDP and combination groups could all induce early apoptosis of A431 cells, and the early apoptotic rate of A431 cells was positively correlated with realgar concentration. The effects of combination groups on early apoptosis of A431 cells were better than single using realgar or DDP. Results of RT-PCR analysis showed that nanocrystallized realgar, DDP and the combination could all significantly inhibit the expression of Survivin and promote the expression of Casepase-3; the expression of survivin was negatively correlated with the concentration of nanocrystallized realgar while the expression of Casepase-3 was positively related. The effects of the combination groups were significantly better than single using realgar or the DDP. The combination of nanocrystallized realgar and DDP had a synergistic effect.
he experiments preliminarily confirmed that the nanocrystallized realgar worked anti-tumor effects by inhibiting cell proliferation and inducing apoptosis; and the mechanisms might be related with up-regulation of Caspase-3 expression and downregulation of Survivin expression.
T In addition, a study of the effect and related mechanism of nanocrystallized realgar inhibiting skin squamous cell carcinoma A431 cells neovascularization is in progress. The research is still in early stage. And there are many shortcomings, for example, there is not a large sample of clinical observation and the experimental methods and indicators should be further refined and improved. We will explore in depth in the future work.
